Introduction
Foraminiferal tracers fundamentally contribute to our understanding of past ocean and climate systems (Elderfield, 2002) . Many paleotemperature reconstructions rely on the analysis of foraminiferal shell chemistry since they record seawater temperature via the changing 18 O/ 16 O (Bemis et al., 1998; Emiliani, 1955; Shackleton and Vincent, 1978) and Mg/Ca ratios of their carbonate shell (Anand et al., 2003; Nürnberg et al., 1996) . Model and field studies have shown substantial seasonal differences on foraminiferal shell fluxes (Deuser et al., 1981 ) that may strongly influence δ 18 O (Deuser, 1987) and Mg/Ca-based paleoreconstructions of annual SST (Fraile et al., 2009) . In order to quantify the effect of such seasonal changes on paleothermometry, we deployed time-series sediment traps in the deep Mozambique Channel (Ruijter et al., 2005) which is characterized by a strong 5.2 °C seasonality in SST. For that purpose we examined a 2.5 year time-series for two common surface-dwelling species of planktonic foraminifera, symbiont-bearing G. ruber and G. trilobus in terms of their shell flux, δ 18 O and Mg/Ca. Both species are widely used in paleothermometry because they occur frequently throughout the (sub-) tropical surface oceans (Bé and Hutson, 1977) , are wellknown from culture studies (Bé, 1980; Bé et al., 1981) and persist during Quaternary climate change (Emiliani, 1955; Emiliani and Shackleton, 1974; Peeters et al., 2004 Rings into the South Atlantic (de Ruijter et al., 1999) .
Figure 3-1: Study area with trap and CTD locations. Channel depth is given in 500 m isobars. Inset shows the greater Agulhas Current system with prevailing eddy migration pathways.
Yet, they also cause large-scale perturbations at their margin that may affect temperature calibrations we aim to define for the Mozambique Channel. Cross-correlation is used to identify specific lags in the proxy temperatures with respect to satellite SST before applying reduced major axis regression to derive the first temperature calibrations for the SW Indian Ocean.
Material and methods
In order to trace seasonal temperature in planktonic foraminifera we monitored settling particle fluxes using deep-moored sediment traps deployed upstream of the modern Agulhas Prior to deployments, sample cups were filled with a HgCl 2 poisoned and borax-buffered solution of seawater collected from the deployment depth (Loncaric et al., 2007) . The sediment traps were programmed to a three week sampling interval for a 2.5 year period on the same site (Table 3-1) . Samples were wetsplit using a binary Folsom splitter with a precision of > 95 % (Loncaric et al., 2007; Sell and Evans, 1982) . Aliquots were processed by sequential wet-oxidation in hot alkaline H 2 O 2 to extract and clean the foraminiferal shells (Fallet et al., 2009) .
Shells from the surface-dwelling species G. ruber (white) and G. trilobus were analyzed for shell flux, weight and paired δ 18 O and Mg/Ca ( (Brummer et al., 1987 ) with a deeper depth habitat (Bijma et al., 1994; Erez and Honjo, 1981) . All analyses were performed on specimens from the narrow 250 -315 µm fraction to minimize any size effects on shell chemistry (Kroon and Darling, 1995; Peeters et al., 1999) and because both species are most abundant in this particular size fraction. Additional counts of G. ruber and G. trilobus specimens in the >150 µm fraction confirmed that size-related changes do not interfere with the species ratio found for the 250 -315µm fraction. In order to identify seasonality for the relatively short record of particle fluxes with a comparatively low resolution we cross-correlated all proxies with SST to evaluate the degree of similarity between two waveforms as a function of time. For cross-correlation we used a mixed-effect regression model (Hedeker and Gibbons, 1996b) which accounts for dependencies in the data with a nesting structure. Estimation of the parameters involves computing a marginal maximum likelihood solution using both the expectation-maximizationalgorithm and Fisher scoring (Hedeker and Gibbons, 1996a) . After correcting the dataset for the specific time lags, SST calibration lines for each individual proxy are determined by reduced major axis regression. Reduced major axis regression is used because both SST and proxy parameters can be considered independent variables. Reduced major axis regression minimizes the triangular area between the data points and the regression line. Residuals of each proxy are plotted against SST to determine whether they contain a significant trend and are not Gaussian distributed (Null-Hypothesis). The visual inspection of the residuals was validated by applying the χ 2 -test to the residuals. For measured χ 2 values higher than the critical χ 2 of 5.99 we rejected the Null-Hypothesis and conclude that our model describes the bivariate dataset well (see Appendix).
Results

Seasonal oceanography
The Mozambique Channel, located between Madagascar and Africa, is governed by the annual migration of the ITCZ between 20 °S and 15 °N in the tropical southwestern Indian
Ocean (Table 3- 
Antiphase shell fluxes
We observed a strong seasonality in G. ruber shell fluxes in the 250 -315µm size fraction with a major pulse arriving in February -March and a minor one in October. Shell fluxes of G. ruber were highest in late austral summer with maximum values of 100 -120 shells m -2 day -1 , approximately 5 times higher than during the remainder of the year (Table 3 -1, Figure   3 -3a) . Minimum values occurred in winter with 2 -8 shells m -2 day -1 adding up to an annual average of ~25 -30 shells m -2 day -1 . Additionally, we observed that G. ruber specimens from the wide >150 µm size fraction follow the seasonality we already observed for the narrow size fraction with maxima during summer and minima during winter (Table 3- we noticed that G. trilobus specimens from the wide >150 µm size fraction showed highest fluxes during winter and lowest fluxes during summer months (Table 3-1) . We therefore classify G. trilobus as a winter species with peak shell export under low SSTs. Seasonality is most clearly expressed by the ratio of shell fluxes for G. ruber and G. trilobus (R/T ratio) which varies in concert with the annual cycle in SST rather than in antiphase, with R/T values ranging from <0.5 at the onset of austral winter to >10 in summer (Figure 3-3a) .
Cross-correlation of the 2.5 year time-series shows that the R/T ratio closely follows seasonal SST with a three week lag and a flux-weighted ratio of 5.44 (Figure 3-3b) . In order to determine seasonal SST from the R/T ratio of time-series shell flux, we corrected for the observed three week offset before applying reduced major axis regression against SST ( Figure   3-3c Figure 3-7a ). This not only holds for the R/T ratio in the narrow 250 -315µm size range but also for the > 150 µm size fraction and emphasizes its sensitivity to seasonal changes in size-frequency distribution of either species. Despite the much larger shell fluxes, the wide R/T ratio is similar to the narrow R/T ratio and also follows seasonal SST with G. ruber as a summer and G. trilobus as a winter species. Thus, the R/T proxy appears applicable to a wide range of size fractions since the majority of the export production is reflected in both, the narrow and the wide, size range (Appendix Figure 3-8) .
Shell δ 18 O and Mg/Ca thermometry
The δ 18 O of both G. ruber and G. trilobus follows the phases in SST on seasonal timescales (Table 3- where Mg/Ca is the Mg/Ca composition of the species' shells in the 250 -315 µm fraction.
The regressions yield a correlation coefficient r 2 of 0.53 and 0.54, respectively which is significant at the 95% confidence interval. Their residuals return χ 2 values of 10.20 and 12.18, both also above the critical value (Appendix Figure 3-7d and e) . The application of a linear rather than an exponential model is in contrast to other studies (e.g. Anand et al., 2003; Nürnberg et al., 1996) . However, in this study, we calibrate against a relatively narrow SST range of 5.2 °C which is well described by a linear model. In order to minimize the noise in the single calibrations we applied multiple linear regression analysis to our five SST proxies (Figure 3-6 
(Equation 3-6).
Comparison of model predicted SST data (multiple regression) with satellite SST results in a better agreement between both data sets (Figure 3-6) . Figure 3-7f and g ).
Discussion
We have found a strong anti-phase seasonality in the shell fluxes of G. ruber and G. trilobus We argue that a settling time of about a week combined with two week population turn-over time is consistent with the three-week phase shift observed in G. ruber (Bijma et al., 1990) .
Similarly, a one week settling time combined with a four week population turn-over time would account for the six week phase shift in G. trilobus.
In the Mozambique Channel strong seasonality in SST is superimposed by a highly dynamic hydrography that is dominated by the intermittent passage of fast-rotating mesoscale eddies through the channel (Harlander et al., 2009; Schouten et al., 2003) . About every 70 days, these migrating eddies strongly perturb vertical fluxes to the sediment by promoting southward expatriation of foraminifera along with their temperature proxies δ 18 O and Mg/Ca.
In addition, eddies also thoroughly mix ocean waters thereby quickly changing surface temperatures (Donohue and Toole, 2003) . and Brummer, 2002; Sadekov et al., 2009; Sautter and Thunell, 1991) , yet the opposite behavior was found in the oligotrophic SE Atlantic (Loncaric et al., 2007) . In the Mozambique Channel the seasonal temperature difference at 20 m and the bottom of the SML is < 0.5 °C as expected for the SML. We therefore argue that both G. ruber and G. trilobus were exported from near the bottom of the SML with the large and relatively constant offset between both species in δ 18 O and Mg/Ca reflecting species-specific properties rather than different depth habitats (Brown and Elderfield, 1996; Eggins et al., 2003) .
Foraminiferal SST proxies are known to be sensitive to size-effects (Elderfield et al., 2002; Kroon and Darling, 1995) . We minimized such size-effects by using the very narrow size fraction of 250 -315 µm for all proxies. Additionally, we analyzed how the broadening of the size fraction influences the R/T ratio. For that we counted all G. ruber and G. trilobus specimens larger than 150µm which resulted in higher shell fluxes in winter for both species.
However, this shift towards more as well as larger specimens in winter does not affect the R/T ratio which yields a similar seasonality pattern as observed for the narrow 250 -315µm fraction. We also observed that both G. ruber and G. trilobus reach maximum shell fluxes in the size fraction 250 to 350 µm as Peeters et al. (1999) previously showed using sizefrequency-distributions. This suggests that the R/T ratio has a potential as a new SST proxy.
Conclusions
In this study we examined the first time-series fluxes of planktonic foraminifera retrieved 
